Background: The aim of this study is to develop consensus on core competencies required for postgraduate training in intensive care medicine. Methods: We used a combination of a modified Delphi method and a nominal group technique to create and modify the list of core competencies to ensure maximum consensus. Ideas were generated modified from Competency Based Training in Intensive Care Medicine in Europe collaboration (CoBaTrICE) core competencies. An online survey invited healthcare professionals, educators, and trainees to rate and comment on these competencies. The output from the online survey was edited and then reviewed by a nominal group of 13 intensive care professionals to identify each competence for importance. The resulting list was then recirculated in the nominal group for iterative rating. Results: The online survey yielded a list of 199 competencies for nominal group reviewing. After five rounds of rating, 129 competencies entered the final set defined as core competencies.
Background
Critical care medicine was recognized by the government as an independent specialty in China in 2008, almost three decades after its introduction in the 1980s [1] . Despite the lack of national census, it is a common belief that there has been great progress in critical care resources during the past 10 years; the provision of qualified intensivists through accredited training programs has therefore become a major challenge to meet increasing needs.
Postgraduate medical education in different fields of healthcare in China has been undergoing standardization for years, but standardized resident training in critical care is still under development. Up to 2010, there was no formal accredited critical care training program in China [1] . Moreover, there is no nationwide agreement upon evaluation and accreditation of critical care trainees, which makes it more difficult to attain the government objective of free movement of medical professionals as proposed by China's healthcare reform plan [2] .
Physician licensing has been slowly transforming from examination of knowledge to evaluation of competencies [3] , which should develop during residency and fellowship training based on the Dreyfus model of knowledge development [4] , and core competencies for graduates of fellowship programs in critical care have therefore been defined by multiple critical care societies in western countries [5] [6] [7] [8] . In spring 2012, the Chinese College of Intensive and Critical Care Medicine (CCICCM) affiliated to the Chinese Medical Doctors' Association (CMDA) called for a task force to define the minimum competencies of intensive and critical care training in China, using consensus techniques. The goal does not encompass developing a comprehensive curriculum inclusive of teaching techniques and assessment methods, but to allow individual training centers to harmonize their training program or curriculum focused on producing intensive care specialists with common core skills. The present article describes the process and outcome related to this mandate, and we wish to set an example for such efforts in low and middle-income countries.
Methods
We used a combination of a modified Delphi method and a nominal group (NG) to generate and rate the importance of core competencies for critical care training [9, 10] ; this approach has been used successfully by others to develop competency-based critical care training [5] [6] [7] [8] . The Delphi technique, originally developed in the 1950s at The RAND Corporation, is designed to gather input from expert contributors using an iterative process with feedback of individual and group ratings for each item until full consensus is achieved. The modified Delphi method consists of beginning the process with a set of carefully selected items, which are drawn from various sources including related competency profiles, synthesized reviews of the literature, and interviews with selected content experts. The NG technique uses a small number of people with a facilitator to encourage sharing and discussion of reasons for the choices made by each group member, thus permitting consideration of concepts in depth [10] .
There were three phases in the process. Phase 1 used a web-based survey to generate ideas for competencies categorized as certification, knowledge, procedures, and skills. Phase 2 used a NG to rate the edited list of competencies iteratively. Phase 3 involved recirculation of the results for further comment.
Phase 1: generation and structuring of competencies
We developed the list of potential core competencies based on those proposed by the Competency Based Training in Intensive Care Medicine in Europe collaboration (CoBaTrICE) [6] , the clinical roles of intensivists defined by Society of Critical Care Medicine (SCCM) [11] , and the guidelines for critical care medicine training and continuing medical education developed by the American College of Critical Care Medicine (ACCM) [12] . Modifications of the original items were made, if necessary, to improve clarity or provide greater detail. For example, we extended the original item "3.1 Manages the care of the critically ill patients with specific acute medical conditions" in the CoBaTrICE competency list to a group of specific diseases and/or clinical syndromes.
The online questionnaire consisted of four parts: characteristics of respondents; a list of specific credentials available in China, such as basic life support (BLS); the list of potential core competencies categorized as knowledge, skills, and behaviors/attitudes, with the respondents asked to check "YES" or "NO" for each item; and an open question invited the respondents to define "what competencies … are important for intensivists, apart from those listed above". The final questionnaire was posted on the official website of the Chinese Society of Critical Care Medicine (CSCCM) (http://www.csccm.org.cn) on November 27, 2012, and was open to feedback and comments until January 3, 2013. An invitation letter with the objective of the study and the website link to the questionnaire was sent by email according to the CSCCM membership database, supplemented by a regional and personal snowball method.
Results of the web-based survey were integrated to generate a formal list including all those items receiving at least one "YES" response. In addition, explicit responses to the open question were rephrased based on consensus among the investigators and included in the list.
Phase 2: NG rating
The planned NG comprised 10 intensivists, two fellow trainees in critical care, one respiratory therapist, and one registered critical care nurse, which mimicked the composition of online survey respondents. The three national critical care societies -the CCICCM, the CSCCM affiliated to the Chinese Association of Pathophysiology, and the Chinese Society of Intensive Care Medicine (CSICM) affiliated to the Chinese Medical Association (CMA) -were asked to nominate several senior intensivists from each party. These nominated intensivists were supposed to be experts in critical care trainings, such as directors of fellowship programs in critical care in university hospitals. The rest of the NG members were randomly selected from online survey respondents, while intensivists practicing for less than 3 years in ICU were identified as trainees. The list of planned NG members was reviewed and approved with consensus by the leadership of these three national societies, with the consideration of geographic distribution. However, one intensivist did not respond to the invitation, and therefore there were 13 members of the final NG (Additional file 1: Table S1 ), all from university hospitals. All NG members were working remotely and remained blinded to the composition of the NG throughout the study. One author (XH), an intensivist familiar with consensus techniques, worked as the study coordinator, in charge of communication with participants individually by email or telephone to ensure data accuracy without participating in the rating process.
An electronic questionnaire of suggested competencies was sent to all NG members by email. All of the competencies shared one stem: "At the end of training, the trainees should be able to …". For each item, the proportion of respondents checking "YES" in the online survey during Phase 1 was also provided. A descriptive document was attached to the questionnaire, including a brief introduction of the project, instruction for rating, and contact information of the task force. We also reminded NG members to consider the well-recognized variation of critical care resources in different hospitals and geographic regions across China. The NG members were asked to rate individual competencies using a 5-point Likert scale (ranging from 1 = strongly disagree to 5 = strongly agree), and to return the questionnaire within 1 week.
All returned questionnaires were manually reviewed for any missed items or inconsistencies, and then the coordinator would contact the respondent by email or telephone for clarification if necessary. All responses to individual items were analyzed using predefined consensus and cutoff criteria. Items achieving full consensus (100 % of respondents agreed or strongly agreed) were removed from further iteration and entered into the final set. Items were rejected directly if none of the respondents chose agree or strongly agree. Other items went through to the next round. Information about personal and group ratings for each item during the previous rounds were provided for reference. Each round was finished within 8 weeks.
After three rounds, one-third of items were still without full agreement. Upon discussion with all NG members, we thought that further agreement might be achieved by clarifying the level of expertise at which the competency should be held. Therefore, we performed another two rounds of rating using items without full agreement. For each item, we asked the NG members to respond to the question "at what level of expertise do you think this competency is required", using the CoBaTrICE approach to describe the level of expertise in the competence statements [6] , which was expressed on a modified 5-point Likert scale (1 = no need to understand; 2 = has the knowledge or describes; 3 = performs, manages or demonstrates … under supervision; 4 = performs, manages, or demonstrates … independently; 5 = teaches or supervises others in the performance, management, or demonstration). The same consensus and cutoff criteria were used in last two rounds; that is, any items achieving full consensus (Likert scale scores of 4 and 5) would enter the final set.
Phase 3: recirculation for comment and iterative review
The output from the NG ratings was posted on the official website of the CSCCM (http://www.csccm.org.cn) for 1 month, with a shared link posted on both the CCICCM and the CSICM websites at the same time [5, 6] . Because the three national critical care societies had a 90 % overlap in membership, and the CSCCM had most intact corresponding information, all members of the CSCCM membership database were contacted by email and invited to provide free-text commentary. Comments might include any disagreement with the NG ratings, or any further suggestions that rejected items should be incorporated into the final set.
Statistical analysis
Demographic data and rating scores were presented as the mean and 95 % CI. The percentage of agreement was defined as the percentage of respondents rating agree or strongly agree for each item. We used kappa and Kendall W statistics to compare inter-rater consistency of each round.
Results

Phase 1: generation and structuring of competencies
During the 2-month period, 398 participants completed the online survey. Most of the respondents (91 %) were physicians, with 81 % as intensivists and 10 % as other specialists such as emergency physicians, pulmonologists, anesthesiologists, and surgeons. The remaining respondents included medical students (5 %), nurses (2 %), and respiratory therapists (2 %). Among the intensivists, 39 % had been practicing critical care medicine for more than 10 years, while 16 % spent no more than 3 years working in the ICU.
All items in the original online questionnaire received more than one rating, in addition to 65 suggestions from the open question, all of which but one (i.e. molecular adsorbent recirculating system (MARS)) were already included in the existing items. After meticulous examination of all suggestions and minor modifications of terminology, a total of 199 statements were generated for NG rating. The list was composed of three suggested specific credentials required for each trainee to achieve at the end of training and 196 competency stems. All competency stems were expressed as a combination of key words of competency and a descriptive phrase indicating on which domain the competency should be evaluated (Table 1 ). The level of expertise each item required was not included in the statement.
Phase 2: NG rating
During the first round, the mean rating scores of individual NG members for all 199 items ranged from 3.88 to 4.92 (Fig. 1) , yielding 101 items with full agreement (Fig. 2) . During the second and third rounds, 20 and 8 additional items achieved full agreement, respectively (Table 1 ). Only one item (i.e., MARS) was rejected after the third round.
Overall agreement among the NG members in item rating was poor, despite a mild improvement from round one (κ = 0.36, Kendall W = 0.52) to round three (κ = 0.43, Kendall W = 0.58). Although there was significant variation in the mean rating score, no correlation was found between the rating score and the academic status or clinical experience of the respondent, except that ratings by the respiratory therapist were significantly lower than those by the senior intensivists in most rounds.
However, there was a trend for greater agreement between NG members for the more highly rated competencies, with less agreement for those competencies that attracted lower levels of support (Fig. 2) .
We decided to proceed to two more rounds with adjustments of the scoring system to focus on the level of expertise required for each competency. Although statistics showed improved agreement (κ = 0.65, Kendall W = 0.97 after the fifth round), the last two rounds did not yield any item with full agreement.
Phase 3: recirculation
During the 1-month consultation period, although there were more than 2000 views of the webpage, only 23 detailed responses were received, all from NG members. One response raised concerns about too many competencies in the list, which might be difficult for regions with limited resources to achieve. The other responses proposed upgrade importance or level of expertise of several competencies. No additional topics were proposed.
Development of the final set
All 129 items with full agreement were put into the final set (Table 2) , after exclusion of 70 items (Additional file 1: Table S2 ). The items were grouped into 11 themes, one of which was credentials required at the end of training; others were core competencies required as critical care specialists, which means the trainees should be able to practice independently at the end of training. Minor modification to the terminology of several competencies was made to clarify the role of the intensivists in Fig. 1 Average (dot) and standard error (error bars) for rating points in the first-round rating for each rater in the NG complicated conditions. For example, we added "due to infection or foreign body" to the original item "Assesses and manages upper airway obstruction". Themes considered important by the NG during iterative rating and recirculation were included by modifying the expression. We added "including informed consent and end-of-life care" to the item "Involves patients (or their surrogates if applicable) in decisions about care and treatment". The reason for the modification is that, while all NG members agreed that end-of-life care is important, some were concerned that trainees would be unable to achieve some of the items in this theme due to limited training resources compounded by cultural issues.
We also compared our final set with those core competencies generated by the CoBaTrICE. Our list included more items in the domains such as disease management and therapeutic intervention/organ system support, but fewer items in domains involving practice procedures, perioperative care, end-of life care, and system management (detail shown in Additional file 1: Table S3 ). More items in 'disease management' were included in the final set than items in 'practical procedures' (Table 3) .
Discussion
Leadership in intensive and critical care medicine in mainland China convened a broad array of clinical experts, credentialing and certifying bodies, and all national critical care societies. We used consensus techniques to develop a set of core competencies for intensive and critical care medicine training, which have been approved by representatives of all national critical care organizations. This is the first time that such a consensus in ICM has been developed in China.
The Delphi technique has been used in the field of healthcare education and training since the 1990s. One of the major advantages that make this method so popular is the ability to allow participants from different geographic regions to share their opinion with each other, and revise them by iteration. In addition, our study used the NG methodology, which has been validated to represent the views of the wider critical care community in developing national research priorities [9, 13] . Moreover, we made efforts to minimize bias, because all NG members in our study remained blinded to the composition of the NG as well as the individual response of any other NG members. Although a methodology involving face-to-face meetings may have led to greater agreement, while working remotely might compromise the level of agreement and may also be more time consuming, this approach may minimize the "tyranny of majority" during the rating process. In the meantime, keeping raters blind to each other during iteration has been well documented in several similar situations [14, 15] .
It is noteworthy that there are significant differences in the core competencies developed in this study and those by the CoBaTrICE (Table 3, and Additional file 1:  Table S3 ), highlighting the different insights of the Chinese intensive care community from those of Europe and North America [5] [6] [7] [8] . Possible explanations for such differences may vary depending on different themes and merit further investigation. In consideration of heterogeneity of diseases and uneven distribution of healthcare resources all over the nation, we tried to determine a detailed requirement of basic knowledge and skills under certain acute conditions instead of a package of proposal that "manages the care of the critically ill patient with specific acute medical conditions" [6] . A list of 62 specific diseases and conditions were included in the initial questionnaire and yielded 46 items in the final set. Despite the differences in the level of focuses (disease level vs organ system level), our list and the CoBaTrICE syllabus covered almost the same spectrum of acute and critical conditions in the domains of disease management and therapeutic intervention/organ system support. The considerably shorter list of practice procedures might reflect the limitation of training resources in our country. Competencies related to catastrophe management were not included, because some NG members believed that emergency physicians and nurses should be more involved. Despite a similar enthusiasm for professionalism to the CoBaTrICE study [6] , an unexpected result is that issues related to end-of-life care such as palliative care and brainstem death testing were rated less important than in Europe and North America. Data from rounds four and five showed that some NG members believed these items should be performed under proper supervision until the end of training. One possible reason is that end-of-life care in China is far underdeveloped, which limited the training sources for these parts [16, 17] . The core competencies generated from our study should be considered minimum requirements of intensive and critical care training which should be used to define a qualified intensivist, whereas those submitted to the NG for initial review but excluded during iterative [18] , while portfolios and faculty rating are more used in attitude and behavior assessment [19] . We understand that some contents need to be revised, expanded, or added, highlighting the need for continuous reviewing and updating in the future. Our ultimate goal is to produce a standardized curriculum and evaluation system for intensive and critical care training, a time-consuming process requiring a more detailed guideline. However, the final set at the current stage should still be considered a starting point-that is, the fundamental standards that may guide future education goals and professional development in intensive and critical care specialty across the whole nation-and should allow curriculum managers to use these competencies as building blocks to develop a curriculum responsive to any special local training needs. Our study has a few limitations. First, due to limited human resources and time boundaries, membership of the NG was quite small. Moreover, all members were selected from university hospitals, and should not be considered representative of the whole nation. However, almost all of the training bases for resident standardized training programs, which were approved by the Ministry of Health, were university hospitals. We understand that in the future many of the trainees will end up working in smaller or community hospitals, where competency requirements might be different from those in university hospitals. We thus kept reminding NG members to consider resource diversity of the national medical system through each round of rating. Our results show that 19 out of 47 (40.4 %) items in "practical procedures" were selected, whereas 46 of 62 (74.1 %) items in "disease management" were chosen. This may indicate that most competencies requiring advanced training resources were excluded from the final set.
Another limitation is that we did not invite patients or patient families to participate in our survey, which might lead to less attention to the opinions of "consumers". However, our questionnaire was based on core competencies in the literature, including those generated by the CoBaTrICE [6] . The CoBaTrICE coordinators used a separate survey questionnaire including items about communication and interpersonal skills, and decisionmaking in addition to medical knowledge and skills, to seek for views from ICU patients and their relatives. Responses from this survey were also integrated with those from medical professionals during their NG rating [6] . However, the NG rating and subsequent iteration process involved only healthcare stakeholders. Therefore, our result of less attention to several ethical issues such as palliative care cannot be explained by an absence of consumers' opinion during the whole process.
One last limitation is that during the recirculation phase (Phase 3) we did not receive a response from anyone other than NG members, which was unexpected. This may cast doubt on the usefulness of this phase.
Conclusion
Using a consensus technique, we defined a list of core competencies required for intensive and critical care training in China. Further development of detailed syllabus and guidelines for training programs should target these goals.
Additional file
Additional file 1: is Table S1 . Presenting detailed information for members of the NG, Table S2 . Presenting items not identified as core competencies, and Table S3 . 
